Background. We hypothesized that positive end-exploratory pressure (PEEP) may promote venous stasis in the upper extremities and predispose to upper extremity deep vein thrombosis (UEDVT). Methods. We performed a retrospective case control study of medical intensive care unit patients who required mechanical ventilation (MV) for >72 hours and underwent duplex ultrasound of their upper veins for suspected DVT between January 2011 and December 2013. Results. UEDVT was found in 32 (28.5%) of 112 patients. Nineteen (67.8%) had a central venous catheter on the same side. The mean ± SD duration of MV was 13.2 ± 9.5 days. Average PEEP was 7.13 ± 2.97 cm H 2 O. Average PEEP was ≥10 cm H 2 O in 23 (20.5%) patients. Congestive heart failure (CHF) significantly increased the odds of UEDVT (OR 4.53, 95% CI 1.13-18.11; = 0.03) whereas longer duration of MV (≥13 vs. <13 days) significantly reduced it (OR 0.29, 95% CI 0.11-0.8; = 0.02). Morbid obesity showed a trend towards significance (OR 3.82, = 0.06). Neither PEEP nor any of the other analyzed predictors was associated with UEDVT. Conclusions. There is no association between PEEP and UEDVT. CHF may predispose to UEDVT whereas the risk of UEDVT declines with longer duration of MV.
Introduction
Deep vein thrombosis (DVT) is not uncommon in critically ill patients, is often overlooked in such patients, and may develop despite prophylaxis [1] . It may develop in the lower extremity or, less commonly, in the upper extremity. Recently, it has become recognized that upper extremity DVT (UEDVT) in critically ill patients is also frequently complicated by pulmonary embolism (PE) albeit not as often as lower extremity DVT. In a recent study, as many as 15% of critically ill patients with non-leg DVT, the majority (94.5%) of which were UEDVT, developed PE [2] . Moreover, UEDVT may be associated with central venous catheter-(CVC-) related sepsis. In one study, the risk of catheter-related sepsis was 2.6-fold higher when UEDVT occurred [3] . Intensive care unit (ICU) and hospital length of stay are significantly prolonged in patients who develop UEDVT [2] . There is a need to recognize risk factors for UEDVT, so such DVT may be diagnosed and treated early and the complications of PE and catheter-related sepsis avoided.
Few studies have reported on risk factors for UEDVT in critically ill patients. Malignancy, central venous catheterization, and obesity were found to be significant risk factors for UEDVT in such patients [1, 4, 5] . Mechanical ventilation may also be a risk factor [6] . Paralysis, sedation, and immobility associated with mechanical ventilation may play a role in the development of DVT by promoting venous stasis [6] . Moreover, positive end-exploratory pressure (PEEP), particularly high levels, may promote venous stasis in the upper extremities by impeding venous return to the chest. Central venous pressure (CVP) increases along with increases in intrathoracic pressure, for example, with positive pressure ventilation or hyperinflation during mechanical ventilation. As a result, the pressure gradient for systemic venous return decreases, decelerating venous blood flow [7, 8] . Central venous pressure increases with PEEP in mechanically ventilated patients [8] . We, therefore, hypothesized that PEEP may be a risk factor for UEDVT.
Material and Methods
We performed a retrospective case control study of medical ICU patients who required mechanical ventilation for >72 hours and underwent duplex ultrasound exams of their upper veins for suspected DVT between January 2011 and December 2013. The study (UFJ 2014-025) was approved by the Institutional Review Board Committee at the University of Florida in Jacksonville.
The diagnosis of DVT was based on the visualization of an intravascular thrombus, incompressibility of the vein by probe pressure, absence of spontaneous flow by Doppler, and absence of variation in flow with respiration. The diagnosis of UEDVT required direct visualization of the thrombus and one or more of the other signs in the internal jugular, subclavian, axillary, brachiocephalic, or brachial veins. The central venous catheters (CVC) used at our institution are made of oligon material and heparin-coated. Catheter-related UEDVT was defined as DVT in an upper extremity vein in which CVC or peripherally inserted catheter (PICC) was in place at the time of diagnosis or within the preceding 72 hours.
We collected the following data: demographics, any known risk factors for venous thromboembolism (VTE), any use of prophylactic or therapeutic anticoagulation, duration of mechanical ventilation, and PEEP. We looked for the following known risk factors for DVT: malignancy, prior history of VTE, congestive heart failure (CHF), chronic obstructive pulmonary disease, other lung disease, atrial fibrillation, end-stage renal disease, sepsis, CVC or PICC, and morbid obesity. We looked for the possibility of an association between PEEP and UEDVT by examining the average PEEP over a period of 3 days and 7 days prior to venous duplex US exam and by comparing average PEEP <10 cm H 2 O versus ≥10 cm H 2 O over a period of 3 days and 7 days prior to the exam. "Average" PEEP was obtained by multiplying the median PEEP over a 24-hour period by the number of days, that is, 3 and 7, and dividing the product by the number of days. We used STATA 13 to summarize and analyze the data. Associations were expressed in terms of odds ratios (OR) and 95% confidence interval (95% CI). Fischer's exact test was used to estimate values where cell counts were ≤5. The alpha level of significance was set to be 0.05.
Results
There was a total of 112 patients who required mechanical ventilation for >72 hours and underwent venous duplex exams for suspected UEDVT. The mean age was 57.6 ± 17.6 years and 51% of them were male. The characteristics of the study population are listed in Table 1 . The majority of them had a CVC or a PICC ( = 89, 80%) and sepsis ( = 68, 61%) and were receiving pharmacologic prophylaxis ( = 83, 74%) with low molecular weight heparin or unfractionated Univariable analysis failed to reveal any association between PEEP and UEDVT. Malignancy was more common in patients with UEDVT compared to those without it (18.8% versus 12.8%) and so were sepsis (68.7% versus 57%) and central venous catheterization (87.5 versus 76.3%). However, none of these were significantly associated with UEDVT (Table 2) .
Morbid obesity was more common in patients with UEDVT compared to those without it (19.3% versus 6.3%) and was significantly associated with UEDVT (OR 3.56, 95% CI 1-12.65; = 0.04). Similarly, CHF was more common in patients with UEDVT (21.8% versus 6.3%) and was also significantly associated with UEDVT (OR 4.2, 95% CI 1.22-14.42; = 0.023). A shorter duration of mechanical ventilation was found in patients with UEDVT (10.32 ± 6.51 versus 14.3 ± 10.24 days). CHF and shorter duration of mechanical ventilation remained significant predictors of UEDVT after ORs were adjusted for PEEP (being the primary outcome variable of interest) as well as sepsis (Table 3 ).
Discussion
Upper extremity DVT was found in 32 (28.5%) of 112 patients who required mechanical ventilation for >72 hours and underwent venous duplex exams for suspected UEDVT. We did not find any association between PEEP and UEDVT. We examined PEEP over 3 days and 7 days prior to venous duplex US exams and high versus low PEEP but neither was found to be a significant predictor of UEDVT. There are a few possible explanations. The level of PEEP may not have been high enough even though PEEP ≤10 cm H 2 O may increase CVP [8] . There is not a large reservoir of blood in the upper extremities that is at risk for venous stasis unlike the lower extremities. The veins in the upper extremities are closer to the chest and may not be prone to venous stasis despite high levels of PEEP. The majority of catheters in our study were heparin-coated central venous catheters. Of the other potential risk factors for DVT that were analyzed, morbid obesity, CHF, and duration of mechanical ventilation were found to be significant. Congestive heart failure was a significant predictor of UEDVT despite the small number of patients in our study suggesting it is a strong risk factor. Congestive heart failure is a known risk factor for lower extremity DVT [9] ; however, no previous study has reported it as a risk factor for UEDVT. Interestingly, the risk of UEDVT declined with longer duration of mechanical ventilation. This finding is supported by another study in which the majority of UEDVT was found in the first 2 weeks of mechanical ventilation [1] . It is possible that higher levels of sedation and paralysis used in the first few days of mechanical ventilation lead to immobility and predispose to venous stasis. Moreover, if heart failure predisposes to UEDVT, then it is plausible that as heart function improves with mechanical ventilation, the risk of UEDVT should decline. In fact, the duration of mechanical ventilation became more significant when adjusted for CHF.
Similar to a recent study [5] , obesity was found to be a significant risk factor for UEDVT. Of note, BMI ≥ 35 was found to be significant in that study whereas BMI > 40 was significant in ours. We used a cut-off of 40 because it defines morbid obesity. However, there was only a trend towards significance when morbid obesity was adjusted for sepsis and PEEP. Contrary to other studies, malignancy and central venous catheterization were not found to be significant risk factors for UEDVT. Malignancy was not found to be significant despite a prevalence (13.5%) similar to another study in which this risk factor was significant [1] . This is possibly because in our study ultrasonography was done when UEDVT was clinically suspected whereas in the other study it was done every 7 days to screen for UEDVT [1] . Central venous catheterization was not found to be a significant risk factor for UEDVT possibly because the majority (79%) of our patients had a CVC or PICC and the CVC were heparin-coated. Moreover, since ultrasonography was only done when UEDVT was clinically suspected, cases of asymptomatic UEDVT were missed. Furthermore, since we defined central venous catheter as a risk factor for UEDVT if one had been in place within 3 days prior to diagnosis of UEDVT and catheter-related UEDVT may resolve with removal of the catheter alone, it is possible that some cases of UEDVT were missed. Lastly, it is possible that the duration of central venous catheterization is more important than the presence of a catheter per se [1] . We did not examine the duration because CVC are usually removed or replaced by day 7 in our medical ICU.
It is worth mentioning that the 28.5% rate of UEDVT in our study was higher than usual [5] because thromboprophylaxis was used in only 74% of our patients. More importantly, thromboprophylaxis was not predictive of UEDVT. This is not surprising because UEDVT may develop in as many as 11% of critically ill patients despite such prophylaxis [5] .
Our study is not without limitations. It is retrospective and does not exclude the possibility of prevalent UEDVT at the time of admission to the medical ICU since patients were not screened. However, it is unlikely this would have affected the results since only 0.2% of non-leg DVT was prevalent DVT in the PROTECT study [2] . Our study did not look at outcomes like PE, catheter-related sepsis, length of stay, and mortality. However, it was not designed to examine outcomes. Lastly, our study failed to prove our hypothesis. Whether PEEP has any association with UEDVT remains to be proven. Perhaps, it may be worthwhile to test the hypothesis in the patient population in whom higher levels of PEEP may be used, that is, patients with acute respiratory distress syndrome.
Conclusions
Nevertheless, our study has some strengths. It shows that UEDVT is quite common in the medical ICU patients who require mechanical ventilation for >72 hours, being found in as many as 29% of patients in whom it is suspected. Moreover, it shows that CHF is a risk factor for UEDVT and suggests that morbid obesity may be another one. We believe that recognition of these two risk factors is important for two reasons. First, presence of one or both in medical ICU patients who require mechanical ventilation for >72 hours should prompt physicians to consider diagnosis of UEDVT earlier and allow them to treat it earlier to possibly prevent the complications of PE and catheter-related sepsis in such patients. Second, the development of UEDVT despite the use of pharmacologic prophylaxis in the majority of the patients in our study suggests that perhaps the subcutaneous route is unreliable in the edematous CHF patients and that perhaps higher doses of subcutaneous heparin may be required in the morbidly obese patients.
